We study low temperature magnetic properties of transition metals. The ground state spontaneous magnetization is calculated in a pseudopotential approximation. In the calculations, the core electronic orbitals are approximated by asymptotic expressions. The magnetizations are calculated for uniform spin densities of valence (chemically active) electrons and in the Lindhard approximation. Our calculations of the Bloch wall parameter and the magnon stiffness constant are based on a study of ferromagnetic and paramagnetic phases. A simple Bragg-Williams approximation between energy of spin polarization and the time-average of the spin moment per atom determines the "exchange coupling" (Heisenberg-like) for spin-polarized nearest neighbour Wigner-Seitz cells. Ab initio numerical results of the spontaneous magnetization, the Bloch wall parameter, and the magnon stiffness constant are obtained for Fe, Co, and Ni.
Spontaneous magnetization in a pseudopotential calculation
The density functional theory (DFT) [1, 2] recast the problem of the many--electron wave function in terms of the electronic density (or the spin densities) and a universal exchange-correlation functional. A simplification is via pseudopotential theory (see Perdew paper in Ref. [1] ). For each atom a so-called effective core potential or pseudopotential seen by the valence (chemically active) electrons is introduced. A very simple but effective one is the Ashcroft pseudopotential, which has applications to simple metals (see e.g. [3] [4] [5] ).
The idea of a pseudopotential is to treat the valence electrons explicitly by DFT as interacting particles in the field created by the ions. The Hohenberg-Kohn variational equations for the real electronic system and in the pseudopotential method have to be identical. This condition gives the pseudopotential and the Kohn-Sham potential, VκS(r, σ), for the system of the valence electrons. An ion acts on the valence electrons via the electrostatic potentials, a short-range repulsive component, V R (r, σ), and the exchange-correlation interaction. In the local spin density approximations of the kinetic energy the repulsive potential has-the following form:
where n(r, σ) and n' (r, σ) are the spin densities of the core and valence electrons, respectively. In the following, all equations are expressed in the atomic units (1 = 1 au., electron mass = 1 a.u., electron charge = 1 au., the unit length is 1 bohr and energy unit is 1 hartree = 2 Ry). In the calculations, the core orbitals are approximated by asymptotic expressions [6] . Exact calculations of close shells require the configuration interaction method. For valence electrons, the Kohn-Sham potential has the following form:
Here, v(r -Rα ) is the electrostatic potential of the ion for the position Rα of its nucleus. The term v(r -R1 ) + VR (r -R' , σ) in (2) is the pseudopotential of the core ion. The next term concerns the valence electrons (or itinerant electrons in metals) and is the Hartree (or direct, or classical) Coulomb potential. The exchange-correlation functional, Ε [ρ, m] , is for the total ground state density:
and the spin polarization m(r) = n(r, r) -n(r, t), where n(r, σ) = nc (r, σ) + nν (r, σ).
In our calculations of the spontaneous magnetization, we take into consideration the Dirac density matrix of the valence electrons (one-electron propagator). The density matrix is calculated iteratively. In the first step of the calculations, the density matrix is approximated by a uniform spin-polarized gas. In the next step, we apply the Lindhard approximation. In this approximation, the pseudopotential is determined for the spin densities of the previous calculations. The calculated spin moments (time-averages) per atom in this work for the uniform spin densities and in the Lindhard approximation are compared with experimental data in Table I . The magnetization is represented by a non-zero moment of the core ion due to the stability of the closed shells and the spin polarization of the valence Exchange Stiffness Parameter ... 969 (chemically active) electrons. The magnetization of Fe or Co is determined by the moment of the 3d5 closed shell and the spin polarization of the valence electrons. For nickel, we take two valence electrons. A cubic field splits the atomic levels of the 3d shell into Ε, and T29 subshells. In the nickel core, we take the 3d5 spin up shell as well the 3d3, T29 spin down subshell. The ground-state properties of the 3d transition metals have been studied by accurate density functional calculations in Ref. [7] ; in particular, the magnetization values obtained there are in better agreement with experiment than the present ones (given in Table I ). Our approach to the uniform electron gas is equivalent to the structureless p s e u d o p o t e n t i a l a p p r o x i m a t i o n a p p l i e d b y P e r d e w e t a l . [ 5 ] t o c a l c u l a t e t h e c o h e s i v e a n d surface properties of metals.
The Bloch wall parameter in a molecular field approximation
The conventional calculations of the magnon stiffness constant are related to the transverse dynamical spin susceptibility. Our calculations of the Bloch wall parameter, A, or the magnon stiffness constant, D, are based on a study of ferromagnetic and paramagnetic phases. In the statistical theory of order-disorder transitions, the Bragg-Williams approximation converts the energy functional of spin polarization into a simple sum of one-atom contributions
The Bragg-Williams relation(3) is set up in Ref. [8] , where J is studied. In the ferromagnetic and paramagnetic phases, Ε [ρF, mF] and Ε [ρP, 0] are the energy functionals per atom, respectively, pF(r,T) and pp(r,T) -the electronic densities, mF (r, T) and mP (r, T) -the spin polarizations. Τ denotes the temperature. The parameter J describes a spin-dependent, non-local interaction and in the case of the Heisenberg model it represents the exchange interaction between nearest-neighbour spin pairs. In our paper, the parameter J is determined by Eq. (3) and represents the interaction between spin moments of the nearest-neighbour Wigner-Seitz cells. The number of the nearest-neighbour Wigner-Seitz cells is denoted by z. The ferromagnetic order parameter, S = S(T), is the time-average of the spin moment per Wigner-Seitz cell along the axis of quantization. In the Heisenberg model, the parameter J is an important physical quantity for ferromagnetic materials and affects the dispersion relation of magnons, the Bloch wall, the temperature properties (spontaneous magnetization vs. T, specific heat, Curie transition temperature) and the dynamic transverse magnetic susceptibility. The magnon stiffness constant, or the Bloch wall parameter is proportional to J, see [9] . The calculated values for A and D are compared with experimental data [9] in Table II . For Fe, a contribution of the discrepancy between theory and experiment in the magnitude of D or A relies upon the nearest-neighbour approximation. Numerical calculations of the energy of spin polarization are not simple and require sufficiently accurate computations. Our quite realistic numerical values of such quantities as the Bloch wall parameter, or the magnon stiffness constant are based on literature values of the energy of spin polarization [7] . Let us mention that better agreement between theory and experiment than that achieved here was obtained for Ni by Wang and Callaway [10] ; however, they dealt with neither Co nor Fe. DFT theories of D are presented in Refs. [10, 11] . The Hubbard model [12] value of D is tested in Ref. [13] , where calculated and experimental values of D are compared for Co. Our calculations, which are based on the Bragg-Williains approximation and DFT method, take into account an effect of a magnetic disorder on the Wigner-Seitz cell. This contribution is absent in the conventional calculations of the magnon stiffness constant.
